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[57] ABSTRACT 

A system for driving a flexible magnetic disk including 
a direct current stepper motor having a shaft directly 
connected to the disk drive hub. Motor controller 
means activate the motor to bring it from rest up to a 
desired speed, e.g., 360 rpm, and thereafter maintain 
the speed constant. The motor controller initially pro- 
vides a detent pulse to move the rotor to a starting po- 
sition and then provides pulses of decreasing duration 
and increasing frequency to accelerate the motor to 
the desired speed. 

7 Claims, 5 Drawing Figures 
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selected pair of poles. Thereafter, pulses of decreasing 

SPINDLE DRIVE MOTOR duration and increasing frequency are sequentially 

DA,^i//-r>/-.iiKirN /~>c -rue IXI^/cMTIr^KI appHcd to thc coils of the different pole pairs during a 

BACKGROUND OF THE INVENTION ^[^p j^^^^^^,^ g^„^^^„y „^ ^j^^ ^^^/^ „f .^^^^ ,g^„„ds. 

This invention relates to improvements in disk drive 5 Subsequently, the duration and frequency of the pulses 

systems and, more particularly, to an improved drive are held constant so as to maintain the motor at the 

arrangement for a flexible magnetic disk. desired speed. 

Recently developed flexible magnetic disks, which The novel features of the invention are set forth with 
comprise a convenient and low cost information stor- particularity in the appended claims. The invention will 
age media, are finding an increasing variety of applica- 10 best be understood from the following description 
tions. Typically, each disk is housed in a flat cartridge when read in conjunction with the accompanying draw- 
in which it rotates. Various drive systems have been jngs. 
developed to rotate the disk at a uniform speed about a 

precise axis. In use, the cartridge is held stationary BRIEF DESCRIPTION OF THE DRAWINGS 

while the disk is rotated therein, with its rotating sur- '5 pjQ j illustrates a system in accordance with the 

face being accessible through a radial slot in the car- invention showing a typical disk clamping mechanism 

^'"'dS^- in section; 

A portion of a typical flexible disk drive system. is piG. 2 is an enlarged fragmentary sectional view 

disclosed in U.S. Pat. No. 3 ,768,8 1 5 which shows a hub showing the engagement of collet and disk; 

coupled to a drive shaft and wherein the hub has annu- 20 pj^ ^ j^ ^ sectional view of a direct current stepper 

lar inner walls which define an annular recess and a flat ^^^^^ ^^^^^ j^ accordance with the present invention; 

face portion. Also included is a rotatable expandable p,Q 4 j^ ^ waveform diagram illustrating drive pulses 

collet and wedging means. The function of the latter is developed for energizing the motor; and 

to expand the collet against the hub so as to clamp a pj^ 5 jg ^ schematic block diagram illustrating the 

central annular portion of the flexible magnetic disk 25 ^^^^^ controller circuitry for developing the drive 

between the flat face portion of the hub and the collet. pulses of FIG 4. 
Thus, as the hub rotates, the clamped disk rotates 

therewith at the same speed. DESCRIPTION OF THE PREFERRED 

In known prior art flexible magnetic disk drive sys- EMBODIMENTS 
tems, the hub shaft is indirectly coupled to a driving 30 ^^^^^^^^^ .^ ^^^ ^.^^^^^^ ^^ P,0 j ^,^^.^^ illustrates 
motor. The indirect coupling 's generally achieved by. ^ ^^^^^^ ^^y. ^^.^^ ^ ^q incorporating features in 
the utilization of gears and/or different belt-pulley ar- ^^co.dance with the present invention. The system 
rangements which serve to couple the driving motor ^^^^^^^ ^^ ^ ^^^^ ^^.^^ ^^^ j2, a direct cur- 
shaft to the hub shaft and to reduce the hub shaft speed ^ > ^^^^^ ^^ ^^^ ^ ^^^^^ ^^^^, ^^^^^ ^^ 
to a desired value, typical y 360 rpm. The indirect 35 ^ ^^ . ^^^^ „f ^ housing 17 
coupling of the hub shaft to the drivmg motor increases l'^^ ^^ ^^^^^^^ ^J^.^ ^ ^^^^^ j^ ^^ 
the system's complexity and cost Generany AC dr^^^^ S ^^ ^ ^ ^^^^^^^ s 
motors, e.g. synchronous motors are used due to the j^ ^ /^ ^^^^ 22 for rotation with re- 
fact that^their output speeds do not vary as a result of \ ^^ ^^ ^^^^,^^ ^^j^ 24 is 
appreaable changes of^mputjoUage^^^^ 40 ^P^^ ^^ ^^^ ^8^^^ ^^^ ^^ ^^.^^ ^^^^^ ^^ ^^ ^^.^^^^^ 

ouUhe world, however, a gi'en drive system using one "'efnj- such as an appropriate adhesive^ The hub 24 

of these motors, built for use in one part of the world, '"'^•"des a flat face portion 25 (see FIG. 2) and an 

may have to be modified for use in a different part of fn"lf inner wall 27, defining a cylindrical recess 28. 

the world with different voltage and frequency stan- 45 A disk clampmg mechanism 30 cooperates with the 

. , hub 24 to clamp a flexible disk 32 therebetween to 

rotate the disk as the hub 24 rotates. The disk 32 is 

SUMMARY OF THE INVENTION contained within a flat rectangular cartridge 34 which 

The present invention is directed to a system for >« restrained from rotating by guides 35. The disk 

driving a flexible magnetic disk and includes a direct 50 clamping mechamsm 30 includes a support shaft 36 

current stepper motor whose shaft is directly con- supported on an arm 40 mounted for pivotal movement 

nected to the disk drive hub thereby eliminating the about axis 41. An expandable collet 37 and wedging 

need for gears, pulleys and belts which have been used means 38 are carried by the shaft 36 for rotational 

in the prior art. In a preferred embodiment of the in- motion thereabout. The wedgmg means 38 has a coni- 

vention, pulse circuit means are provided to activate 55 cal external surface 39 which cooperates with the mter- 

the motor so as to bring it from rest up to a desired nal conical surface 42 of collet 37. A spring 43 is 

speed, e.g. 360 rpm, and thereafter maintain the speed mounted between the collet 37 and wedging means 38 

constant. and acts to urge the collet 37 and wedging means 38 

The motor is comprised of a fixed stator and a rotor apart so that when the arm 40 is in the undamped 

having a shaft fixed thereto mounted for rotation. The 60 position (dashed line in FIG. 1) the wedging means 

rotor essentially comprises a cylinder of ferromagnetic shoulder 44 engages the collet shoulder 45. When the 

material having teeth formed around the circumferen- arm 40 is moved to the clamped position, the collet 

tial surface thereof The stator is comprised of several flange 46 clamps the disk 32 against the hub face por- 

, pairs of opposed poles wound by individual coils, with tion 25. As the collet flange 46 engages the hub, the 

the coils of the different pole pairs being pulsed se- 65 wedging means conical surface 39 moves relative to the 

quentially to cause the rotor to rotate. In order to bring collet conical surface 42, against the action of spring 

the rotor up to the desired speed from rest, the rotor is 43, to radially expand the collet and center the disk 32 

driven to a first detent position by energizing coils on a with respect to the drive shaft 20. 
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As shown in FIG. 1, a disk cartrdige 34 can be in- Surrounding each pole is a separate coil 57. As will 

serted through a front end of the chassis by opening a be explained in greater detail hereinafter, the coils 

door 47 to the dashed line position to allow insertion of associated with poles of the same pair are simulta- 

the cartridge through a slot-like opening 48. The door neously energized and coils associated with poles of 

47, which is pivotally mounted about an axis 49, carries 5 different pairs are successively energized. The pulses 

a cam 50 which can move a clamp arm 40 carrying the applied to each pair of coils are such so as to develop a 

clamp mechanism 30 between the disk clamped posi- magneto-motive force which causes the rotor 19 to 

tion shown in full line in FIG. 1 and the undamped rotate. Although the stepper motor embodiment illus- 

position shown in dashed line. The clamp arm 40 is trated utilizing coils on the stator is preferred, it should 

mounted for pivotal movement about axis 41 and '0 be recognized that the roles of the stator and rotor, as 

carries a roller-type cam follower 51 which can be illustrated, could be reversed with the coil wound pole 

moved by the door-mounted cam 50. When the door is pairs being provided on the rotor, 

fully opened to the dashed line position, the cam fol- Assuming a design speed of 360 rpm and 24 teeth 

lower 51 moves to a position to pivot the clamp arm 40 along the periphery of rotor 19, then the number of 

so that the cartrdige can be fully inserted into position. 15 rotor teeth which pass each of the poles per second is 

When the door is then closed, the clamp arm 40 is 360/60 X 24= 144. Thus, the duration between succes- 

pressed down by reason of engagement of a second sive teeth passing each pole when the rotor is rotating 

roller-type cam follower 52 with the other side of the at 360 rpm is 6.94 ms. In the preferred embodiment 

cam 50. The second cam follower 52 is mounted on a illustrated, since the coils on each pair of poles are 

long resilient axle 53, so that the cam follower 52 resil- 20 pulsed simultaneously while coils on different pairs of 

iently presses on the cam. poles are pulsed successively, with a three pair-pole 

Unlike prior art drive systems in which a hub drive motor as shown, the pulses applied to the coils must 

shaft is indirectly coupled, as by gears, pulleys and belts have a duration of 6.94/3 =2.31 ms. These pulses, as 

to the output shaft of a motor, in the present invention, well as pulses needed to bring the rotor speed from rest 

the hub 24 is physically direcdy coupled to the motor 25 up to 360 rpm are provided by controller 16, and are 

drive shaft 20, thereby greatly simplifying the drive diagrammed in FIG. 4. The pulses applied to the coils 

system complexity and cost. of the 3 pole pairs applied in successive phases respec- 

As shown in FIG. 1, in accordance with the preferred lively designated <^A, <^B, (f)C. The (j>A pulses are ap- 

embodiment of the invention, a direct current stepper plied to the coils 57 mounted on poles Al and A2, the 

motor 15 is used to drive the hub 24. Since a direct 30 ,^b pulses are applied to the coils 57 mounted on poles 

current motor is not dependent on the different voltage Bl and B2 and the <j)C pulses are applied to the coils 57 

and frequency standards, a standard drive system with mounted on poles CI and C2. 

such a motor can be used throughout the world. As will Briefly, in accordance with the present invention, 

be explained hereinafter, in a preferred embodiment, pulses are applied to coils 57 only when the door 47 is 

the motor 15 is controlled in an open loop arrangement 35 properly lateched (meaning that the disk is properly 

by motor controller 16. The function of the latter is to clamped) and a drive-on signal is received by controller 

apply pulses to motor 15 in order to increase its speed 16. When both of these conditions first take place, the 

from rest to a desired speed and thereafter maintain it motor 15 is initialized or detented by applying a rela- 

at such speed as long as the door 47 is latched, and a tively long duration, e.g. 400 ms, pulse 60 to the pole 

drive signal is applied to the controller 16 from an 40 pair A coils. As a result, the rotor rotates to a detent 

appropriate external source. position illustrated in FIG. 3 in which two of its teeth 55 

A preferred embodiment of the stepper motor 15 and align themselves with teeth 54 on pole face Al and two 

the controller 16 are best explained in connection with other teeth 55 align themselves with teeth 54 on pole 

FIGS. 3-5. In FIG. 3, numerals 18 and 19 respectively face A2. After the 400 ms, (j)A pulse 60, the controller 

designate the motor stator and rotor, both constructed 45 16 enters a ramp period during which pulses of de- 

of ferromagnetic material. The stator 18 is preferably creasing durations, starting with a <i>B pulse 62 of a 

fabricated in laminar fashion by stacking plates (not selected duration are successively applied to the coils 

shown) and defines three pairs of poles, the pairs being on pole pairs B, C, A, B, C, etc. 

designated by the letters A, B, and C and the poles in In the detent position of FIG. 3, the teeth 55 facing 

each pair by the pair-letter designation followed by the 50 poles Bl and B2 are not aligned with the teeth 54 of 

suffixes 1 and 2. The front face of each pole is shaped these poles. Consequently, when the pole pair B coils 

to essentially define two spaced teeth designated 54. (the coils on Bl and B2) are energized, they cause the 

The rotor 19 comprises a disk mounted for rotation rotor to incrementally rotate to move the rotor teeth 55 

about shaft 20 fixed thereto. The rotor has a plurality of into aligment with the pole pair teeth 54. As the pulses 

teeth 55 formed along the circumferential surface 55 are successively generated to incrementally rotate the 

thereof. The teeth 55 are uniformly spaced about the rotor, their duration, during the ramp period is incre- 

rotor periphery and in the particular example, 24 teeth mentally reduced to thereby increase rotor speed. This 

are provided around the rotor periphery. The spacing takes plaace until the pulse duration is 2.31 ms, which 

between the two teeth on each pole face is equal to the is needed to maintain the motor at the desired speed of 

spacing between adjacent rotor teeth. Thus, the rotor 60 360 rpm as long as both the drive-on signal is present 

can rotate to a position at which two rotor teeth are and the door 47 is latched. When either condition does 

opposed to and aligned with the two teeth on a pole not exist, the supply of pulses to all three coil phases is 

face. The pole pairs are arranged such that for any interrupted. 

position of the rotor, the rotor teeth are aligned with In FIG. 4, the successive pulses following c^B pulse 62 

the teeth on only one pole pair. ^5 which are of decreasing durations, are designated by 

Drive shaft 20 is physically secured directiy to the numerals 63-66 and 71-74, while the pulses of the 

rotor 19 and as has been mentioned, at its distal end is constant duration needed to maintain the motor speed 

secured directiy to hub 24. at 360 rmp are designated by numeral 80. 
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The reason for the ramp period and the decreasing circuit 98 through an inverter 99. The output of circuit 

duration pulses which are applied to the coils during 98 serves as the input of VFO 95. 
this period is to enable the speed of the motor 15 to In addition, controller 16 is shown as including a gate 

increase from to 360 rmp in a relatively short time. 101 with one input connected SI via inverter 102. 

As seen from FIG. 1, since in accordance with the 5 Another input of gate 101 is connected to the Q output 

present invention the drive shaft 20 of motor 15 is of one shot 88 through inverter 103. A third input is 

directly coupled to the hub 24 and through the connected to line 86 through inverter 104. Gate 101 

clamped disk 32 to the collet 37 and the wedging provides a high output to activate <j>A drWer only when 

means 38, the rotor 19 is subjected to a high inertia all three of its inputs are high. Also, the output of 88 

load. Although the short duration pulses 80 are of suffi- '° is connected through an inverter 106 to a detent driver 

cient duration to maintain the rotor speed at 360 rmp HO which is activated only when the inverter 106 out- 

once it reaches this speed, they are too short to develop P"t is high. Both the M driver and the detent driver 

the torque required to cause the rotor to start rotating HO are connected to the M coils on the poles Al and 

from rest. ^^- ^^ will be shown later, driver 1 10 is activated only 

It should be pointed out that the duration of pulse 80 '^ for 400 ms at the start of the drive command and <f)A 

needed to maintain the motor at the desired speed, driver is activated thereafter whenever the sequencer is 

critically depend on the motor geometry, such as the '" state 1 to apply the <t>A pulses to the </.A coils on 

number of teeth 55 of the rotor 19 and the number of po'es Al and A2 which are assumed to be the 4>A 

pole pairs. However, the length of the ramp period and _. P^^' „.. ^ „., . j , . 

the duration of the first pulse 62 are not critical. Gener- ^° ^^ output S2 of sequencer 92 is connected through 

ally, the duration of each pulse 80 can be expressed in ^" '"Yf t^."; ^ »2 to a ^B driver which is connected to 

milliseconds as D = 1000 ^ (RSI60P), where R is the ^^e ^B coils on poles Bl and B2, i.e. the <^B poles. The 

number of teeth on the rotor, S is the desired speed in "^B driver is activated only when the inverter 112 out- 

rpm and P is the number of pole pairs. In the foregoing „ P"^ •^•^'g'\' ^hjch occurs only when sequencer 92 is m 

example, D = 1000^24-360/60-3 = 2.3 1 ms. Durations ^' ^^^^e 2 and S2 is low^ Likewise, output S3 of 92 is con- 

of pulse 62 and those following it are chosen to be nected via an inverter 14 to a c^C4nver which is 

oJ. ■ », , » 1.1 .u t * u- u tu u- u connected to the <pC coils on poles CI and C2 repre- 
sufficiently one to enab e the rotor, to which the high . ,. ,^ i j:/- j • • »• » j i u „ 

.• 1 J / ■ . J .1 u *u V, u\ • sentmg the <^C poles. <^C driver IS activated only when 

inertia load (represented mostly by the hub) is con- ^. •..,,/ ^I-u-i. uu i u 

.J * /^; c / J-.- • the inverter 1 14 output IS high which occurs only when 

nected, to start turnmg from a rest condition i.e. zero 30 ^^^ sequencer is in state 3 and S3 is low. 
speed and increase in speed. The length of the ramp ^^^^^^^^ .^ ^^^ ^^^^^^^ ^^ ^^^ ^^^j^^, ^^^^^ 

period IS made sufficiently long to raise the motor ^g ^^j^^ j^ comprised of a resistor Rl and a capacitor 

speed from zero to the desired speed of 360 rpm. In a ^ connected between +V and ground. The junction 
typical embodiment of the invention, the duration of .^^ therebetween is connected to the output of the 

pulse 62 IS about 8-6 ms and the ramp period is about 35 i^^^,^^, 99 ^nd the gate (G) terminal of field effect 

2.5 seconds. transistor 115. A resistor R2 is connected across the 

The various pulses shown m FIG. 4 may be generated jj^gj^ (^j ^^^ source (S) terminals of 1 15. The drain 

by different circuit arrangements which can be mcor- terminal is also connected to +V and the source termi- 

porated in controller 16. Hereinafter, a relatively sim- ^3, j^ connected to ground through serially connected 

pie embodiment of controller 16 will be described m 40 variable resistor R3 and a fixed resistor R4. The junc- 

connection with FIGS. 4 and 5. As shown in FIG. 5, the tion point of R3 and R4, designated 120, is connected 

controller 16 includes an input gate 82 with two input ^o the input of VFO 95. 

lines 83 and 84. Line 83 is assumed to be connected to i^ the quiescent state, one of the input lines 83 or 84 
a door 47 latch switch such that a low level signal is jj high. Thus, line 86 is high. Also, the one shot is reset 
applied to line 83 only when the door 47 is latched, i.e. 45 so that its Q and Q outputs are respectively high and 
the disk 32 is clamped between hub 24 and collet 37. lo^v. Since the Q output is low the output of inverter 99 
Line 84 is assumed to be connected to an appropriate jj high. Also, the capacitor C^ is fully charged up. The 
source which applies a low level signal on line 84 to potential at the gate terminal of 115 is high and there- 
represent a drive-on command when the disk is to be fore FET 115 is fully on, shorting out R2. As a result, 
driven. Only when both input lines 83 and 84 are low is 50 only R3 and R4 are connected across +V and ground 
the output of gate 82 on output line 86 low, represent- and the voltage at point 120 is relatively high. Under 
ing a drive command. these conditions the output frequency of oscillator 95 is 

Output line 86 is shown connected to a 400 ms one such that each cycle has a duration of 2.31 ms. How- 
shot 88 and to a 2-input gate 90, whose other input is ever, even though oscillator 95 is free running, since in 
connected to the output of one shot 88. The output 55 the quiescent state line 86 is high, the output of gate 90 
of gate 90 which is low as long as one of its inputs is is low and therefore the sequencer is held in the reset 
high is connected to the reset terminal of a 3-state state and SI is low. Thus, gate 101 does not provide a 
sequencer 92. The sequencer has 3 outputs designated high output and therefore <j)A driver is not activated. 
SI, S2, and S3 which are respectively low when the Also, since one shot 88 is in a reset state Q is high and 
sequencer is in states 1, 2 and 3. As long as the output 60 the inverter 106 output is low. Therefore, driver 110 is 
of gate 90 is low, sequencer 92 is reset. When reset, it also not activated. Thus, since both <^A driver and 
is in state 1 and therefore SI is low. driver 100 are inactive, the 4>A coils are not energized. 

The sequencer 92 is stepped or sequenced from state Also, since the sequencer is in state 1, neither the </)B 

to state by the negative going zero crossing of each northe<^Ccoilsareenergized. Thus, none of the motor 

cycle of the output of a variable frequencey oscillator 65 coils is energized and therefore the motor is at rest, i.e. 

(VFO) 95, whose output is diagrammed in FIG. 4. The at zero speed. 

states of the sequencer are also shown in FIG. 4. The Q When the door 47 is latched and a drive-on signal is 

output of one shot 88 is connected to ramp control applied to line 84, line 86 goes low, triggering the one 
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shot 88. During 400 ms, its Q output is high and its Q is latched and the drive-on signal is received on line 84. 
output is low. Since the Q output is high, the output of If either input is interrupted, line 86 goes high thereby 
gate 90 remains low even though line 86 went low. resetting sequencer 92 via gate 90. Additionally, line 
Thus, sequencer 92 remains reset at state 1. However, 86 going high disables gate 101 via inverter 104 to 
since the Q ouput is low during the 400 ms, the inverter 5 thereby stop rotor rotation since pulses will no longer 
106 output is high, thereby activating the detent driver be applied to any of the coils. When the line 86 goes 
110 to activate the c^A coils. The pulse applied to the low again, the entire start-up operation is repeated by 
<^A coils is designated in FIG. 4 by numeral 60. It the triggering of the one shot 88. In order to prevent 
should be pointed out that since the output is high, any noise on line 86 from accidentally triggering the 
the inverter 103 output is low and therefore gate 101 "' one shot 88, a resistor R5 and a capacitor Cb are con- 
does not activate <^A driver. nected in series between line 86 and ground. 

In addition as the Q output goes high, the inverter 99 Summarizing, in accordance with the present inven- 

output goes low, providing a fast discharge path for tion, a flexible disk drive system is provided including a 

capacitor C.4. Its discharge is designated in FIG. 4 by stepper motor whose drive shaft is directly coupled to 

numeral 121. The capacitor C,, remains discharged for '5 the hub of a disk clamping unit. The stepper motor 

the entire 400 ms duration while Q output is high and includes a stator and a rotor mounted for rotation with 

the inverter 99 output is low. respect thereto. The rotor comprises a ferromagnetic 

When the capacitor C^ is discharged, the FET 115 is cylinder having teeth around the circumference. The 

fully cut off and R2 is therefore no longer shorted. stator defines pole pairs having coils wound thereon. A 

Accordingly, the voltage at terminal 120 drops and the 20 motor controller is provided to simultaneously pulse 

output frequency of oscillator 95 decreases. The resis- the coils wound on poles of the same pair while sequen- 

tors are chosen so that when FET 115 is fully cut off, tially pulsing the coils of different pole pairs to rotate 

the duration of each cycle of the oscillator output is the rotor. The motor controller includes means for 

equal to the desired duration of the widest pulse in the responding to a command to bring the motor from rest 

ramp period, represented FIG. 4 by pulse 62. As 25 up to a desired speed by supplying pulses of decreasing 

pointed out, this is 8.62 ms in a typical embodiment. duation from a selected start up duration during a rela- 

At the end of the 400 ms period, the Q and D outputs tively short ramp period until the desired speed is 

of 88 go low and high respectively. When Q output reached. 

goes high, detent driver 100 is deactivated, and as the Although particular embodiments of the invention 

Q output goes low, both inputs to gate 90 are low. 30 have been described and illustrated herein, it is recog- 

Thus, the output of gate 90 is no longer low and there- nized that modifications and variations may readily 

fore the sequencer 92 is free to be stepped. Thus, when occur to those skilled in the art and consequently, it is 

the negative going zero crossing of the output of oscil- intended that the claims be interpreted to cover such 

lator 95 occurs, the sequencer is stepped from state 1 modifications and equivalents. 

to state 2. As diagrammed is FIG. 4, this is assumed to 35 Jhe embodiments of the invention in which an exclu- 

occur exactly at the end of the 400 ms period. It should sive property or privelege is claimed are defined as 

be pointed out that if a negativve going zero crossing follows: 

occurred just prior to the end of the 400 ms period, the 1. In a flexible disk drive system of the type including 

4>A driver will apply a pulse to the <j>A coils following a rotatable hub and means for clamping a portion of a 

the 400 ms period until the sequencer is stepped by the '^0 disk against said hub to rotate said disk as said hub is 

first negative going zero crossing following the 400 ms rotated, the improvement comprising: 

period, i.e. the resetting of one shot 88. stepper motor means including a stator and a rotor 

Once one shot 88 is reset, the Q output goes low and mounted for rotation with respect thereto, said 
therefore the inverter 99 output goes high. Thus, a stator including pairs of opposed radially directed 
discharged path is no longer provided for capacitor C^. ^5 poles each having a coil wound thereon, said rotor 
Therefore, the capacitor begins to charge up via resis- comprising a cylinder of ferromagnetic material 
tor Rl as shov,'n in FIG. 4 by line 122. As the potential having a plurality of teeth fixed along the circum- 
across the capacitor increases, the FET 1 15 is gradually ference thereof and a drive shaft fixed thereto coin- 
switched from full off toward full on. Consequently, the cident with the axis of said cylinder; 
resistance across the drain and source terminals de- 50 means directly connecting said hub to said drive shaft 
creases thereby decreasing the effective resistance of for rotation therewith; and 

R2. This results in a ramp-shaped increase of the volt- motor control means coupled to said stepper motor 
age at terminal 120 which causes oscillator 95 to pro- means for successively applying energizing pulses 
vide and output of increasing frequency. When capaci- to the coil of successive pole pairs and including 
tor C^ is fully charged, R2 is shorted out, and the pe- 55 means for initially energizing coils of a selected 
nod of the oscillator output is equal to the 2.31 ms pole pair for a selected detent period, and for sub- 
duration of pulses 80, needed to maintain the motor at sequently successively applying energizing pulses 
the desired speed. to the coils wound on said pole pairs following said 

As shown in FIG. 4, at each negative going zero selected pole pair, said energizing pulses decreas- 

crossing of the oscillator output, the sequencer is 60 jng in duration from an initial to a final duration 

stepped to a succeeding state in the three-state se- during a selected speed increase interval, whereby 

quence. During the ramp period the duration of each during said interval the motor speed increases from 

succeeding sequencer state decreases and therefore the zero to a desired speed. 

durations of the pulses applied by the (jdA - <j)C drivers 2. The system of claim 1 including command source 

to the coils of the different phases decrease, as shown 65 means for supplying a first control signal when it is 

by pulses 62-66 and 71-74 in FIG. 4. desired to drive said disk and control means for supply- 

The motor 15 is maintained at the desired speed by ing a second control signal when said disk is properly 

applying pulses 80 thereto as long as both the door 47 clamped against said hub; and 
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gate means responsive to said first and second con- 
trol signals for actuataing said motor control 
means. 

3. A system for driving a flexible magnetic disk of the 
type which has a central opening and is contained 
within a cartridge said comprising: 

a motor including a stator and a rotor mounted con- 
centrically about a common axis; 

said rotor comprising a cylinder of ferromagnetic 
material having uniformly spaced teeth formed 
along the periphery thereof and a drive shaft fixed 
thereto extending along said common axis; 

bearing means supporting said rotor for rotational 
movement about said common axis; 

a hub mounted directly on the end of said drive shaft 
remote from said rotor; 

clamping means for selectively clamping the portion 
of a disk around the central opening thereof against 
said hub; and 

motor control means for supplying pulses to said 
motor of increasing frequency and decreasing du- 
ration to accelerate said rotor from rest to a desired 
speed. 

4. The system of claim 3 wherein said stator includes 
a plurality of poles arranged in pairs, each pole pair 
being comprised of first and second aligned poles ex- 
tending oppositely toward said common axis; 

a plurality of separate coils, each wound on one of ^q 
said poles; 
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said motor control means including means for ener- 
gizing said pole pairs in sequence by successively 
applying pulses to the coils thereof. 

5. The system of claim 4 including means responsive 
to said clamping means clamping a disk against said 
hub for supplying an enabling signal; and wherein 

said motor control means includes means responsive 
to said enabling signal for generating a drive signal. 

6. The system of claim 5 wherein said motor control 
means includes one shot means settable by the start of 
said drive command signal to a selected first state for a 
selected duration with said one shot means being 
switchable to a second state at the end of said selected 
duration; 

detent drive means coupled to said one shot means 
for initially applying energizing pulses to coils 
wound about a selected pole pair when said one 
shot is in said first state; and 

circuit means for subsequently successively applying 
energizing pulses to the coils wound about different 
pole pairs, said pulses decreasing in duration from 
a first predetermined duration to a second prede- 
termined duration during a selected time period. 

7. The system of claim 4 wherein each of said poles 
defines a pair of teeth spaced a distance equal to the 
distance between adjacent teeth along said rotor pe- 
riphery; and wherein 

poles of different pole pairs are spaced along said 
rotor periphery such that the teeth of only one pole 
pair at a time are aligned with teeth on said rotor. 
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